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Abstract 
Memory intrusions, a type of involuntary memory, are experienced by people on a daily 
basis yet are an under-researched phenomenon in psychology. This study examined how 
to better describe, manipulate, and predict memory intrusions. Participants (n=47) were 
tested using the stressful film paradigm to elicit memory intrusions, which were recorded 
over the following week. Three individual difference measures, working memory, 
physiological arousal, and anxiety sensitivity, were utilized for comparative analysis. The 
study was unable to manipulate memory intrusions with visuospatial or eye movement 
task conditions. Memory intrusion incidence was found to be correlated with anxiety 
sensitivity cognitive concerns and peaks in heart rate while no correlation with working 
memory was found. These results add to the current knowledge about memory intrusions 
phenomenology and correlates. Results also emphasize the need for future research on 
manipulating memory intrusions and curvilinear relationships between memory intrusion 
occurrence and both anxiety sensitivity and physiological arousal.  
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Can We Predict and Manipulate Memory Intrusions in a Laboratory Setting? 
Memory is an important facet of our cognition that enables us to navigate our 
daily lives. The fundamentals of life, learning, social relationships, professional duties, 
and even the ability to speak are based, on some level, in memory. One need only reflect 
on the impact of its loss for those so unfortunate as to experience an amnesic illness to be 
impressed with the importance of memory. While much of our memories are retrieved 
voluntarily, there is an aspect of memory over which we appear to have no control. 
Involuntary memories are memories which are evoked without conscious effort to 
retrieve the memory (Berntsen, 1996). Sensory cues for these involuntary memories are 
thought to be found in everyday life. Famous writer, Marcel Proust, gave a well-known 
example of these cues called, “the episode of the madeleine,” in his novel Swann’s Way 
(Proust, 1922). The narrator says that madeleines dipped in tea elicit childhood memories 
of visits to an aunt’s country house. Though this definition does not exactly mirror the 
experimental definition of involuntary memory (Ball, Mace, & Corona, 2007), it does 
illustrate the universality of memory intrusion experiences for average individuals.  
Although this theoretical significance was established very early in psychology’s history 
(Ebbinghaus, 1885), only recently has research focused on the empirical investigation of 
involuntary memories. Involuntary memories can differ in their content and in their 
positive or negative emotional impact, and can involve events from very early in our 
childhood to our recent past (Berntsen, 2001; Berntsen & Rubin, 2002). Involuntary 
memories are not just visual in nature; there is a variety of sensory data that can be 
recalled as involuntary memory and a variety of sensory cues that can elicit such recall. 
Of particular interest for this study are involuntary memories that are repeated and of the 
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same recent, salient experience. This type of involuntary memory is called a memory 
intrusion by some researchers (Brewin, Reynolds, & Tata, 1999; Holmes, 2003-2004; 
Holmes & Bourne, 2008; Holmes, Brewin, & Hennessy, 2004; Holmes, Grey, & Young, 
2005; Holmes, James, Coode-Bate, & Deeprose, 2009; Holmes & Steel, 2004)  
 The study of involuntary memory has been limited, but even more so for memory 
intrusions. Thus, relevant findings are limited, but we can identify a few key features that 
distinguish memory intrusions from more common, general involuntary memory. Most 
importantly, they are always related to a specific event and are repetitive in nature. In 
addition, as a form of involuntary memory, memory intrusions can recall both positive 
and negative occurrence, and they consist primarily of visual imagery. Memory 
intrusions are relatively vivid and generally have emotional content. Finally, memory 
intrusions occur within minutes of the event recalled and their incidence will decrease 
over time (Holmes, James, Coode-Bate, & Deeprose, 2009). This last characteristic is 
important to differentiate the less aversive memory intrusions from the most extreme 
version of intrusive memory, namely flashbacks.  
 Flashbacks are a hallmark of the Posttraumatic Stress Disorder (PTSD) diagnosis 
(American Psychiatric Association, 1994; Holmes, 2003-2004). Due to their connection 
with the pathology of PTSD, flashbacks are defined by a wealth of research as extremely 
vivid and usually emotionally negative intrusive memories which refer to a previous 
traumatic event. Flashbacks are recurrent and will last for months if not years after the 
inciting event. As part of a PTSD diagnosis a person must have experienced the 
symptoms for at least three months before diagnosis is possible. Also unique to 
flashbacks is the feeling of “reliving” the experience in the flashback. This is due to the 
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exceptionally vivid nature of such chronic memories. Memory intrusions, as less chronic, 
less vivid, but still remarkable memory phenomena have not received the same interest as 
flashbacks, though they are experienced by many more individuals in the non-clinical 
population and often on a daily basis. This strong research focus on flashbacks seems 
misdirected. The study of a pathological symptom is going to be necessarily limited 
without a proper knowledge of the underlying healthy mechanism of which it is a part. 
Memory intrusion research should be a priority as there is much we do not know about 
memory intrusions. In order to address this gap in the literature we designed a laboratory 
study to investigate how to elicit, manipulate and predict memory intrusion occurrence 
and to gather data about memory intrusions themselves to describe more fully memory 
the characteristics of memory intrusions. 
1. Eliciting memory intrusion occurrence in the lab 
The stressful film paradigm was first used to elicit “intrusive thoughts” by 
Horowitz in 1975.  In a recent study, Holmes, James, Coode-Bate, and Deeprose (2009) 
found they could use the stressful film paradigm and manipulate the frequency of 
memory intrusion occurrence over a one-week period based on the implementation of a 
visuospatial cognitive task following the viewing of a traumatic video clip. This use of a 
film clip to cause a negative memory intrusion response is utilized to circumnavigate the 
ethical issues involved with showing real trauma to participants. In a lab setting, memory 
intrusions can appear quickly after viewing the film and are not expected to be 
uncomfortable to the participants as the trauma stimulus is not “real” to the participant. 
The frequency of memory intrusions over the period after viewing the film is expected to 
reduce relatively quickly over the following week. The paradigm has been used in 
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multiple studies by Holmes et al. and has proven itself to be an effective method of 
eliciting memory intrusions (see also Holmes, 2003-2004; Holmes, Brewin, & Hennessy, 
2004; Holmes & Steel, 2004; Holmes & Bourne, 2008; Horowitz, 1975) 
In this particular study by Holmes et al. (2009), forty participants were assigned 
to two groups of 20 participants each. All of the participants completed personality, 
mood, trait anxiety and depression measures before viewing a 12 minute film. This film 
included graphic scenes of car crashes, human surgery and drowning. Immediately 
following the film, the mood assessments were repeated and each participant was then 
given “filler tasks” for 30 minutes. After the 30-minute waiting period was over, the 
participants in the visuospatial cognitive task condition played Tetris for ten minutes. The 
control group was instructed to sit quietly for these ten minutes. After this, the 
participants kept a daily diary for the next seven days in which they recorded each of 
their memory intrusions. After completing the diary, the participants returned their diaries 
to the researcher and completed a recognition memory task to test voluntary memory 
retrieval of the film shown to them. This test involved 32 questions about the film 
requiring a true/false answer. Before being debriefed they completed an Impact of Events 
Scale (IES) to test for PTSD symptoms in each of the participants. 
2. Manipulating memory intrusion occurrence 
Holmes et al. (2009) hypothesized that the visuospatial cognitive task condition 
would report significantly fewer memory intrusions than the control group, and that 
playing Tetris would be associated with a reduction of clinical symptomatology 
compared to the control condition. Their hypotheses were confirmed.  The participants in 
the Tetris task condition reported a significant reduction of memory intrusions and IES 
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scores as compared to the control group. The researchers hypothesized that this effect 
was based on the inhibition of memory processing during the task by placing a load on 
working memory and the central executive.  
This hypothesis has its origin in cognitive psychology which theorizes that 
memory intrusions are based on imperfect processing of an event, placing the cause of 
memory intrusions within these cognitive mechanisms (Brewin & Holmes, 2003). In a 
traumatic event, focus is placed on sensory information for processing (Ehlers & Clark, 
2000), explaining the characterizing of memory intrusions as visual events. This shift in 
processing focus has been thought to be evolutionarily adaptive towards survival in 
situations where a person fears for his/her life. Holmes et al. (2009) stated that the 
reduction in memory intrusions they produced was caused because they inhibited 
“normal” consolidation of a traumatic memory, which results in memory intrusions of the 
event, with the visuospatial cognitive task. Other measures regarding memory intrusions 
like specificity, emotional impact, vividness and the setting during the intrusion were not 
measured in this study and therefore the conditions’ effect on these descriptive variables 
could not be determined. Inclusion of such data in their study would have been useful for 
a more detailed accounting of the effect of the visuospatial task on the incidence of 
memory intrusions.  
Recognition scores were consistent between the two groups which supported the 
hypotheses by Holmes and colleagues. They predicted that sensory processing of the film 
would be affected by the Tetris game but not voluntary memory retrieval of details of the 
film. Holmes et al.’s research, indicating that it is possible to manipulate memory 
intrusions in a laboratory setting, is a thought-provoking piece of research on possible 
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preventive methods for memory intrusions. This recent contribution to the understanding 
of memory intrusions warrants replication and modification. 
Holmes and colleagues suggested that Eye Movement Desensitization and 
Reprocessing (EMDR) therapy, a common treatment for PTSD, could be a possible 
correlate to the visuospatial cognitive task that was found to be effective in their study. 
Therefore they suggested implementing EMDR as part of future research. This is based 
on the theory that memory intrusions can be reduced by placing a load on working 
memory and the central executive to affect “normal” processing of the memory (Gunter 
& Bodner, 2008).  The same argument is used for the efficacy of EMDR which is thought 
to effect re-consolidation of these traumatic memories (Hupbach, Gomez, Hardt, & 
Nadel, 2007). In light of this research, for our study, a bilateral horizontal eye movement 
condition was added to the visuospatial cognitive task condition, Tetris. The bilateral 
horizontal eye movement condition was implemented as a computer directed task 
involving three 60-second trials of the task. 
 For our study, the silent movie, The Battleship Potemkin, was chosen to execute 
the stressful film paradigm (Eisenstein, 1926). In the movie there is a scene called the 
Odessa Steps Sequence, which details a massacre and the deaths of both women and 
children at the hands of Russian Cossacks. Piloting of the new film confirmed that 
memory intrusions would be elicited by this 7-minute clip and that the content was very 
arousing. Though the film is devoid of dialogue, emotive music is played during the film 
clip. This film was selected because it is arousing, short, and follows a single narrative, 
instead of being a clip made of pieces of many different events, like the film showed by 
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Holmes et al. (2009). A narrative film consists of climaxes and falling action which 
allows for the analysis of changes in arousal in participants.   
In replicating Holmes et al.’s research, our study chose to eliminate certain 
apparent inconsistencies within their design. After viewing the film, all of the participants 
in our study were directed immediately to their randomly assigned task, eliminating the 
30-minute latency period in the Holmes et al. study. Holmes et al. theorized that Tetris 
places a load on working memory and inhibits consolidation of the film; however 
consolidation starts immediately upon observing an event.  Therefore Holmes and 
colleagues’ decision to include a 30-minute latency period impedes their ability to 
maximally interfere with consolidation and working memory. By delaying the 
visuospatial cognitive task the researchers allowed for the film clip to be partially 
consolidated before interfering with working memory. In our study, by removing this 30-
minute period, we expected a more robust effect of our task conditions to interfere 
successfully with working memory at an earlier point in consolidation and reduce the 
likelihood of confounding effects. In addition, the use of two working memory tasks, the 
visuospatial cognitive task and the bilateral horizontal eye movement task, allows for 
comparison of the efficacy of both tasks to put a load on working memory. 
Our study created a recognition memory task (video memory test) pertaining to 
the clip of The Battleship Potemkin to replicate the recognition memory task used by 
Holmes et al. (2009) to measure voluntary memory retrieval of the film. The video 
memory test (VMT) was designed to evenly review the 7-minute film clip. The questions 
require the participant to recall detailed information from the film. 
3. Predicting memory intrusion occurrence 
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Incidence of memory intrusions varies greatly among individuals. In Holmes and 
Steel’s study (2004), following the implementation of the stressful film paradigm, the 
number of memory intrusions reported by participants ranged from 0-21. This wide range 
in the number of memory intrusions reported indicates that individual factors have a 
profound effect on the occurrence of memory intrusions. Three such factor were 
theorized: working memory capacity, physiological arousal and anxiety sensitivity. 
3.1 Working memory and memory intrusions 
Working memory is a vital component to the process of consolidating visual 
memory. In the working memory model, the visuospatial sketch pad which is responsible 
for visual information processing has a limited capacity which allows for this system to 
be “overloaded” (Baddeley, 1986; Baddeley & Hitch, 1994). Working memory capacity 
was not measured in Holmes et al’s 2009 study, despite the fact that the visuospatial 
cognitive task they implemented was intended to overload and therefore inhibit working 
memory. Our study used the R-Span task to measure working memory capacity in our 
participants. The R-Span task requires participants to both maintain and make judgments 
about information provided as a method to measure capacity (Gunter & Bodner, 2008). It 
was expected that a participant who completes one of the visuospatial cognitive tasks, 
Tetris or the bilateral horizontal eye movement task, and has higher working memory 
capacity would experience more memory intrusions than those participants with lower 
working memory scores, due to the former participant’s ability to “multitask.”  
3.2 Arousal and memory intrusions  
Our study implemented ECG recordings for each participant in addition to the 
stressful film paradigm procedure. This addition was suggested by another piece of 
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research performed by Holmes, Grey, and Young (2005) regarding the specific content of 
involuntary memory and its connection to arousal. Arousal was measured as emotional 
distress, with the peak moment of distress labeled the “hotspot” by the researchers. 
Participants determined these moments of peak distress during a session of “reliving 
therapy,” of the traumatic event each had witnessed. The 32 participants in the Holmes, 
Grey, and Young study were comprised of clinically diagnosed PTSD patients. This 
meant that the forms of involuntary memory examined in their study were flashbacks. 
The participants described not only the events but also the emotional and cognitive states 
they remembered. These hotspots were then compared to the content of each of the 
participants’ flashbacks. Of the flashbacks, 76% matched with a hotspot. This study 
found a strong relationship between peak moments of emotional arousal and the content 
of each participant’s flashbacks. However these PTSD patients had experience with their 
flashbacks. There is no indication that much of what was labeled peak emotional distress 
in the reliving therapy were not merely them identifying the part of the trauma that 
corresponds to their flashbacks because these images are the most salient portions of the 
trauma itself. 
For our study, which did not recruit a participant pool of PTSD patients, such self-
report measures based on reliving therapy were not possible. Furthermore, to identify an 
alternative for the measuring of hotspots without the use of self-report measures, which 
are inherently subjective, would be a methodological improvement in intrusive memory 
research. An additional improvement would be a measure that would span the entire film 
experience and document fluctuations in distress. Extreme emotional distress has been 
found to correspond to physiological arousal (Torpy, Burke, & Glass, 2007). Moreover, a 
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relationship between physiological arousal, in the form of heart rate, has been established 
with the incidence of PTSD (Shalev, et al., 1998). Shalev et al. found that experiencing a 
high mean heart rate upon admittance to the emergency room made participants 
significantly more likely to develop PTSD symptomatology four months after their 
accident.  This research indicates that physiological arousal, as measured by heart rate, is 
a suitable replacement for the subjective measure of self-reported peak emotional 
distress. In our study, heart rate was measured in order to determine hotspots in the film 
clip for comparison to participants’ memory intrusions. Using these peaks in heart rate, it 
was expected that participants’ descriptions of their memory intrusions would correspond 
with the film scenes associated with the heart rate spikes.  
3.3 Anxiety sensitivity and memory intrusions 
Anxiety sensitivity is a cognitive vulnerability which is characterized by a fear of 
anxiety related symptoms (Reiss and McNally, 1985; Reiss, Peterson, Gursky, & 
McNally, 1986). People who would be considered anxiety sensitive will react negatively 
when experiencing anxiety symptoms and if these symptoms have an inciting event, this 
person will be more likely to consider this event as a negative experience. Reiss and 
McNally further conceptualized anxiety sensitivity as the belief that anxiety symptoms 
will have harmful social, cognitive or physical consequences. It has been theorized that 
people who are considered anxiety sensitive when experiencing anxiety symptoms will 
become more anxious causing a cycle of increased anxiety due to amplified reactivity 
(Taylor, Kosch, & McNally, 1992; Wilson & Hayward, 2006). Conceptualized as a 
cognitive vulnerability, anxiety sensitivity would be considered an individual difference 
instead of a symptom of a particular mental illness.  
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There has been very little research on the connection between anxiety sensitivity 
and memory, let alone memory intrusions. Much of the anxiety sensitivity research is 
focused on connections to diagnosed mental illnesses. In particular, anxiety sensitivity 
research has shown a significant connection to PTSD for both adults and adolescents 
(Leen-Feldner, Feldner, Reardon, Babson, & Dixon, 2008; Marshall, Miles, & Stewart, 
2010). Taylor, Kosch and McNally (1992) found that anxiety sensitivity was a better 
predictor for PTSD than for anxiety disorders, which indicates that there is an aspect 
about PTSD which factors into this relationship. The most salient difference between 
PTSD and anxiety or panic disorders is the trauma experience that precedes PTSD and 
the appearance of flashbacks. The current research suggests that there is a relationship 
between trauma experiences and anxiety sensitivity that might predict or correspond to 
flashback incidence. Correspondingly, the strong relationships between arousal and 
intrusive memory, emotional distress and memory intrusions, and flashbacks and PTSD 
further support the study of a possible relationship between memory intrusions and 
anxiety sensitivity.  
The Anxiety Sensitivity Index (ASI) is a self-report questionnaire measuring 
anxiety sensitivity in adults (Reiss & McNally, 1985). It is broken into three subscales 
corresponding to the three kinds of “harmful consequences” that cause anxiety 
sensitivity. These three subscales are physical concerns, social concerns, and cognitive 
concerns. Though results can be mixed, certain mental illnesses tend to correspond with 
each of these subscales. In a study conducted by Rodriguez and colleagues (2004), the 
physical concerns score was found to relate significantly to panic disorder and 
agoraphobia, the social concerns score to social phobia and somewhat to generalized 
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anxiety disorder, and the cognitive concerns score to diagnoses of generalized anxiety 
disorder, major depression, and somewhat to social phobia  Khawaja, Brooks and 
Armstrong (2008) found that the cognitive concerns subscale was the most important 
predictor of physical, cognitive, and fear symptoms in both clinical and non-clinical 
populations. As the ASI is the tool used for the majority of the research on anxiety 
sensitivity (Piotrowski & Gallant, 2009) in this study the test was used to evaluate 
whether individuals with this cognitive trait were more or less likely to experience 
memory intrusions. With the connection between anxiety sensitivity and PTSD 
established, participants with high scores of anxiety sensitivity were expected to report 
significantly more memory intrusions than those participants with lower scores.  
This study aims to explore multiple facets of memory intrusions. Firstly, the 
question of whether memory intrusion occurrence can be manipulated, based on Holmes 
and colleagues’ previous research, will be studied.  Secondly the relationship between 
anxiety sensitivity and memory intrusion occurrence will be explored, and thirdly, the 
correlation of heart rate on the occurrence of memory intrusions as well as the content of 
these memory intrusions will be considered. This design casts a wide net with the intent 




 Forty-seven college students (26 women and 21 men) with a mean age of 18.7 
years participated in this study. All students were compensated with class credit for their 
participation. 
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Apparatus 
Participants sat in a testing room adjacent to the lab main room. The room 
contained a Dell computer and a BIOPAC MP 36 system. The computer monitor 
measured 14 inches by 11.5 inches in size. The BIOPAC MP 36 system was placed in the 
corner of the testing room with a cable running through the wall to a laptop in the main 
lab. The lights were controlled by the experimenter and there was nothing else in the 
room. The experimenter primarily stood behind the participant or sat outside of the 
testing room in the main lab to monitor ECG collection.   
Traumatic film clip  
All participants watched the Odessa Steps sequence from the silent film, The 
Battleship Potemkin (Eisenstein, 1926). The clip was 7 minutes and 28 seconds long. The 
Odessa Steps sequence portrays a massacre perpetrated by Tsarist Cossacks on the 
citizens of Odessa. There are images of soldiers marching with guns, stampedes of 
panicked citizens, a young boy shot and killed, his mother being shot, citizens hiding in 
fear, a second mother being shot, and a baby in a perambulator careening down a flight of 
stairs. See Figure1 for examples of shots from the film.  The 7-minute film clip was 
analyzed into 11 scenes, made up of 142 unique images, for later comparison with 
reported memory intrusions’ content (see Appendix A for a full set of images from the 
film clip). 
MEMORY INTRUSIONS   16 
 
 
 Figure1. Examples of images from Odessa Steps Sequence 
The Odessa Sequence was downloaded from YouTube.com using the YouTube 
Downloader Version 2.5.3.The film was integrated into the Super Lab program onto the 
testing room computer and presented to the participant upon the experimenter’s pressing 
of the spacebar on the computer keyboard. Super Lab was also used to sync the BIOPAC 
system to the experimenter’s laptop which recorded the BIOPAC ECG data, in order to 
have synchronization between the start of the film and the recording of the participant’s 
heart rate. The participants watched the film clip on a computer screen with the lights off. 
Heart rate monitoring 
Participants’ heart rates were monitored using the BIOPAC MP 36 System. Data 
was collected from the participants using EL503 electrodes placed on the backs of the 
calves and on the inner right forearm by the participant under the instruction of the 
experimenter. These electrodes were connected to the BIOPAC system. The experimenter 
monitored the collection of electrocardiograph (ECG) data using the BIOPAC Student 
Lab 3.7.3 software program to record all ECG data from the electrodes. ECG was 
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recorded at 200 Hz. Additionally, as the Lab Pro software was connected to the testing 
room’s computer using the Super Lab software, the ECG recording included digital 
markers to indicate the beginning and end of the film clip in order to sync the ECG data 
with the film itself. Total time of ECG recording was 460 seconds of film viewing with 
15 seconds of baseline heart rate before the film clip for each participant.  
Memory Intrusion Diary 
The memory intrusion diary was given to each of the participants after the first 
session of the experiment.  The instructions for the diary were read out loud to the 
participant before leaving the lab. Written versions of these instructions were provided 
for each participant. 
We ask you to record in this diary any memory intrusions that result 
over the next seven says. Memory Intrusions, often referred to as 
“flashbacks,” are considered “spontaneous, image based, and often vivid 
memory experiences.” In this case, such memory intrusions would include 
images of the film showed to you today. The diary includes a set of 
questions and prompts for each instance of memory intrusion you may 
experience. Please answer to the best of your ability. It is not necessary to 
carry the diary with you constantly, however the sooner you can record any 
sort of experiences, the better. If you have any questions, please contact the 
researcher via email. Contact info is included on the cover sheet of your 
diary.  
 
For each instance of memory intrusion there were seven prompts the participant was 
asked to answer. The participant recorded this data for seven days and returned the diary 
to the experimenter during the participant’s pre-arranged second session.  
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Figure 2. Sample entry from memory intrusion diary 
Video Memory Test (VMT) 
 The video memory test was created by the experimenter to test participant’s 
memory of the film clip shown in the first session of the experiment. The test includes ten 
questions requiring a verbal response from the participant and is scored as total number 
correct divided by ten. If the participant gave an inexact answer, the experimenter asked 
for clarification of the answer once before marking it as incorrect. The questions require 
the participant to recall specific details of the film, and they encompass content from 
throughout the 7-minute film clip. Examples of these questions are included in Appendix 
B. 
A. Briefly describe the images that came to mind. 
The baby in the pram rolling down stairs 
 
A1. Rate the vividness of the images (1=not vivid at all … 10=extremely vivid)  
4 
A2. Rate the emotion content of the images (-5=very unpleasant … 5=very 
pleasant) -2 
A3. Rate the specificity of the images (1=very specific detailed content … 
10=general abstract impression)  8 
B. Please describe the context when the memory cane to mind (When did 
it happen, where did it happen, who you were with, and what you were 
doing): 
When: 12:45 
Where: Millington 150 (Psych Lecture) 
Who: Classmates 
What: not paying attention to the lecture… 
B1. Rate your state of attention at the time (1=not focused on anything in 
particular … 10= very focused on a specific task)  3 
B2. Rate the impact these images has on your emotional state (-5=very strong 
negative effect … 5=very strong positive effect) -1 
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Reading operation span task (R-Span) 
The R-Span task was created using previous research on working memory 
(Daneman & Carpenter, 1980; Engle, Tuholski, Laughlin, & Conway, 1999). In this task, 
participants read aloud sentences displayed on a monitor. Following each sentence, there 
is one capitalized letter. Before reading the letter, the participants must make a verbal 
designation as to whether the sentence makes sense or not by stating “yes” or “no.” Some 
sentences are nonsensical. For example, “During the week of final spaghetti, I felt like I 
was losing my mind. L” received a “no” response and “People in our town are more 
giving and cheerful at Christmas time. B,” a “yes.” After the sentence was read and the 
yes/no designation was made, the participant read the single letter out loud and pushed a 
button for the next sentence to appear. At periods ranging between 3 and 5 sentences, a 
set of question marks would appear on the screen which prompted the participant to 
speak out loud the all-capitalized letters in the last group of sentences.  After three 
practice trials, the participant completed 12 trials with the experimenter recording the 
letters named by the participant. The participants’ reading scores were based on the 
number of correct letter answers divided by the number of sentences displayed to the 
participant. This equation was created by the experimenter due to errors in the SuperLab 
software which intermittently changed the number of sentences displayed during the 
trials. 
Anxiety Sensitivity Index Questionnaire (ASI) 
The ASI is a paper-based tool for measuring anxiety sensitivity in adults. Anxiety 
sensitivity is the belief that experiencing anxiety symptoms has negative implications.  
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This differentiates from anxiety, the mere occurrence of anxiety symptoms. Anxiety 
sensitivity, as described by Reiss and his colleagues, is the cognitive vulnerability which 
the ASI measures (1986). There have been multiple versions developed of the ASI, 
ranging from 11-21 questions (Blais, et al., 2001; Khawaja, Brooks, & Armstrong, 2008; 
Marshall, Miles, & Stewart, 2010; Reiss & McNally, 1985; Reiss, Peterson, Gursky, & 
McNally, 1986; Taylor, Kosch, & McNally, 1992). In this experiment an 18 item ASI 
published by IDS Publishing Corporation was used due to its availability for student 
research. The test is designed on a 5 point Likert scale (0 = very little and 4 = very 
much). Each question requires the participant to record how much they agree with 
statements regarding how they react to symptoms of anxiety. Examples of these questions 
can be found in Appendix C.  The directions state that even if that participant has never 
experienced one of the anxiety symptoms mentioned in the ASI, the participant should 
answer based on how they think they would feel in such a situation. Scoring of the ASI is 
based on the total of the Likert responses. Additionally there are three sub scores: 
physical concerns, social concerns, and cognitive concerns. Sub-scores are determined by 
totaling the scores of the items identified as pertinent to each sub-score. Internal validity 
for the ASI was tested, with α= .79 for physical concerns, α= .82 for cognitive concerns, 
α= .61 for social concerns, and α= .83 for the total ASI.  
Procedure  
 Participants first completed am informed consent form. BIOPAC EL503 
electrodes were placed on the participant and recording checked for a baseline period of 
30 seconds. Participant was instructed to sit motionless and watch a short film clip. They 
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were also notified they would be prompted with additional instructions on the screen after 
the film clip ended.  
 After viewing the film clip, each participant was assigned to one of three 
conditions: (1) Computer based Tetris game played for five minutes, (2) Rapid horizontal 
eye-movements that involved multiple trials of following a moving point of focus, and 
(3) a control condition involving multiple trials with a stationary point of focus.  
In the game condition, participants played a game of Tetris for five minutes. 
Tetris is a popular puzzle-video game that involves a random sequence of block-like 
shapes which fall down into a playing field. The object of the game is to manipulate these 
blocks by changing their orientation in order to create a solid mass without gaps. The 
computer-based version of the game given to the participants is an almost exact replica of 
the original. Only cosmetic differences were made. In this condition participants were not 
told to replay images from the film in their heads in order to more faithfully replicate the 
characteristics of the Holmes et al. (2009) visuospatial cognitive task. 
Participants in the eye movement group viewed three 60-second displays of a 
target alternating from one side of screen to the other; there were three trials. The 
participants were instructed to track the moving target across the screen while replaying 
images of the film clip in their head. Before the start of each trial the participant was 
prompted to press the space bar to initiate the next set of eye movements.  
Participants in the control group fixated on a central point on the screen for three 
sessions of 60 seconds while replaying images of the film clip in their minds. Participants 
were prompted to press the space bar to initiate each trial of the control task.  
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After participants completed the working memory manipulation they were 
instructed to wait.  The experimenter then entered the testing room, turned on the lights, 
and removed the three electrodes from the participants. Participants were instructed to 
complete the memory intrusion diary over the next seven days. 
All participants followed the same testing procedure in the second session. Each 
participant was given three measures to complete: a recognition test, a reading operation 
span task, and an anxiety sensitivity index questionnaire to complete. After completing 
these three tasks the participant was provided with debriefing information.  
Results 
1. Memory intrusions elicited in lab 
The number of memory intrusions reported by participants in their diaries ranged 
from 0 to 8 memory intrusions during the week, with a total of 96 memory intrusions 
reported by the 47 participants over the week. Participants’ data reported a mean of 1.82 
with a standard deviation of 2.68. Four images from the film accounted for over half 
(53%) of the memory intrusions recorded by participants and a total of 22 images (20%) 
elicited memory intrusions. Fifteen participants (32%) reported no memory intrusions. 
The 32 participants who did report memory intrusions reported 50% of all memory 
intrusions within the first 24 hours. See Table 1 for frequency of memory intrusion data. 
The resulting memory intrusions decreased throughout the week on a forgetfulness curve, 
see Figure 3.  
Phenomenological characteristics of memory intrusions were collected in the 
memory intrusion diaries. The mean vividness score for the memory intrusions was 5.92 
with a standard deviation of 2.21, the mean emotional content was -2.00 with a standard 
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deviation of 1.64, the mean specificity was 5.37 with a standard deviation of 2.60, the 
mean attention score was 4.31 with a standard deviation of 2.56, and the mean emotional 
impact was -1.60 with a standard deviation of 1.59. This data can also be found in Table 
1. Additionally, interesting correlations were found. Number of days between viewing the 
trauma film clip and the occurrence of memory intrusions was significantly correlated to 
both vividness, r (96) = -.33, p < .01, and specificity, r (96) = .23, p < .05. Memory 
intrusions were reported to be more vivid and specific the fewer the days in between 
seeing the film and the memory intrusion experience. Vividness was significantly 
correlated to emotional content, r (96) = -.49, p < .01, emotional impact, r (96) = -.43, p < 
.01, specificity, r (96) = -.48, p < .01, and presence of others, r (96) = -.19, p < .05. 
Participants reported that memory intrusions were more vivid when they were also more 
specific, when they had a greater negative emotional impact, and when the participant 
was alone. Emotional impact was significantly correlated to emotional content, r (96) = 
.62, p < .01, specificity, r (96) = .24, p < .01, time of day, r (96) = -.19, p < .05, and 
presence of others, r (96) = .29, p < .01. Negative emotional impact was greater when 
memory intrusions occurred at night, when the participant was alone, and when the 
memory intrusion was relatively specific. Refer to Table 2 for all correlations.  
Multiple Regression analyses revealed that vividness was a significant predictor 
of emotional impact of memory intrusions, β = -.39, p < .001, as was whether the 
participant was alone or with other people at the time of the memory intrusions, β = .22, p  
< .05. 
After analyzing beats per minute over the timeline of the film, the median heart 
rate over the 47 participants was combined into a single wavelength graph. The graph, 
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seen in Figure 4, displays four hotspots over two standard deviations above the mean. In 
the figure we can see the first hotspot appears before the start of the film. This period 
before the start of the film was measured for baseline heart rate; however seconds 20-40 
at the beginning of the film, which includes no arousing images, were found to be a better 
measure for baseline heart rate. The other three hotspots are within the time of the film 
and were used for the comparison with memory intrusion content data.  Participants’ 
heart rate at the time of the three hotspots was averaged into a variable called “hotspot 
mean” in order to measure the differences in heart rate from other points in the film. 
Figure 5 illustrates the significant difference between the first hot spot, before the start of 
the film, the hotspot mean, and the mean from seconds 20-40 in the film. Post hoc testing 
revealed that the first hotspot’s heart rate was significantly greater than the three other hot 
spots’ mean, which in turn was significantly greater than the baseline period from 20-40 
second in the film,  F(2.86) = 15.46, p < .001.  
The participants’ descriptions of the content of their memory intrusions were 
reviewed and assigned a number signifying which image they had seen. Only 22 images 
(15%) of the 142 possible images in the film clip were reported in the memory intrusion 
diary. Of those 22 images, 4 of the images made up 53 (55%) of the 96 memory 
intrusions reported, in total. The frequency data for all of the memory intrusion images 
reported is displayed in Table 4.  
The frequency data of the content of memory intrusions was plotted onto the 
median heart rate graph. The three hotspots corresponded to three of the four most 
frequent memory intrusions: soldiers marching down the steps (#17), the baby in the 
perambulator (#114), and the elderly woman with broken glasses (#141). However due to 
MEMORY INTRUSIONS   25 
 
the repetition of images in the film, it is unclear which instance the participant’s diary 
described, leaving the relationship between physiological arousal hotspots and memory 
intrusion content tentative but encouraging. 
2. Memory intrusion manipulation  
A one-way analysis of variance (ANOVA) revealed no main effect of the three 
conditions -- Tetris, bilateral horizontal eye movement, and control -- on the occurrence 
of memory intrusions, F(1, 44) = .09, p > .05. A second one-way ANOVA revealed there 
was no main effect of these conditions on the scores of the video memory test for the 
traumatic film clip, F(2, 44) = .12, p > .05.  
3. Predicting memory intrusions 
Memory intrusion occurrence was significantly correlated to mean peak heart 
rate, r (44) = .32, p < .05, and ASI cognitive concerns score, r (47) = .32, p < .05. Also 
significant was the correlation between mean peak heart rate and ASI cognitive concerns 
score, r (44) = -.33, p < .05. Finally the ASI cognitive concerns score was correlated to 
the other ASI subscores.  ASI cognitive concerns score was correlated to ASI physical 
concerns score, r (47) = .40, p < .01, and ASI social concerns score r (47) = .50, p < .01. 
All other correlational relationships were not significant, see Table 3.  
For the reading operation span task, the average score was 82% with a standard 
deviation of 0.09. There was no significant relationship between working memory 
capacity and memory intrusion occurrence, r (47) = .05, p >.05.  
The video memory task (VMT) had an average score of 4.62 with a standard 
deviation of 1.57. There was no significant relationship between VMT score and memory 
intrusion incidence, r (47) = -.01, p >.05  
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Linear regressions of memory intrusion incidence and the ASI cognitive concerns 
score, the best predictor of the ASI scores for memory intrusions, was analyzed, R2 = 
0.10, p < .05.  This was also analyzed for the relationships between memory intrusion 
occurrence and the “hotspot mean” data, R2 = 0.12, p < .05. To examine the curvilinear 
relationship which was suggested from scatter plots, quadratic regressions of these 
relationships were performed, yielding even stronger relationships than the linear 
regression. This analysis produced the curvilinear relationship between memory intrusion 
occurrence and ASI cognitive concerns, R2 = 0.25, p < .01, and memory intrusion 
occurrence and hotspot mean, R2 = 0.19, p < .05. Figures 6 and 7 illustrate the linear and 
quadratic relationship between memory intrusion occurrence and ASI cognitive concerns 
(Figure 6) and memory intrusion and hotspot mean (Figure 7). 
Discussion 
 Memory intrusions are an understudied realm of psychology research, and yet 
they are an everyday occurrence for many people because memory intrusions are a part of 
“healthy” memory functioning. In psychology, there is great demand for research which 
can explain pathology; having a direct treatment effect on mental illness is a first priority. 
However the search to understand normal processes in the mind can contribute 
knowledge to help both healthy and mentally ill individuals. For instance, a detailed 
understanding of memory intrusion incidence will influence models of memory 
consolidation and retrieval, and hopefully suggest concrete ways to facilitate adaptive 
processing of memory for both clinical and non-clinical populations. Beyond 
understanding fundamentally our memory mechanisms, the experimental analysis of this 
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memory phenomenon can have important theoretical and clinical implications for a wide 
variety of populations.  
From the 96 memory intrusions recorded in this study, much can be learned about 
the “where, when, and how” of memory intrusions. The data collected from our 
participants indicated that memory intrusions can occur with equal likelihood at any time 
of the day, when alone or with others, and when at home or when away. However our 
data showed that the incidence of memory intrusion sharply declined with time elapsed.  
This suggests that memory intrusions do not have specific cues to trigger their incidence, 
and supports our study’s conception of memory intrusion as a phenomenon referring 
primarily to recent events, thus differentiating memory intrusion from flashbacks and 
other forms of involuntary memory. Elapsed time between viewing the film and 
experiencing a memory intrusion was a strong predictor of the “when and how” of 
memory intrusion occurrence in our study. Additionally, participants recalled specific 
images from the trauma film clip yet did not include high ratings of vividness and 
emotional impact, confirming our descriptions of the nature of negative memory intrusion 
experiences as specific but not highly aversive forms of involuntary memory.  
Moreover, the emotional content of the memory intrusions reported reflected the 
negative content of the film and the emotional impact of the memory intrusions mirrored 
this negative content. As expected, the memory intrusions recalled not only the images 
but also the emotional content of the film clip as fairly, but not extremely, negative. The 
fact that memory intrusions of a film clip from a black-and-white silent movie had a 
significantly negative emotional impact on the participants’ reported memory intrusions 
only further highlights the need for continued study of  memory intrusions, particularly 
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when more personal events are involved and emotional impact could be even higher. This 
emotional impact was greatest when the memory was vivid and when the participant was 
alone. Vividness itself was related to a memory intrusion’s negative content and when the 
intrusion occurred during the day. This interplay between content and timing variables 
illustrates the complex matrix of factors that can affect memory intrusion occurrence and 
content. Our study undertook a preliminary description of these relationships; future 
research should focus on these variables more closely to test if causal relationships can be 
determined. Future research could also manipulate aspects of the eliciting film itself to 
determine other factors that may influence the emotional impact of memory intrusion as 
well as characteristics of the participants that mediate the nature of the emotional impact 
we uncovered.  
Participants’ reporting of memory intrusions declined quickly over time and 
appeared to follow the logarithmic decline reported for forgetting general memory, first 
described by Ebbinghaus in 1885, regarding the learning, and subsequent forgetting, of 
nonsense syllables. Reduction in memory intrusions was expected by the researchers. 
Mirroring the forgetting curve as an exponential reduction in learning (Bogartz, 1990), 
this relationship supports our findings that time is an important factor for memory 
intrusion occurrence. As time increases, it appears memory intrusions are “forgotten” and 
their incidence declines; however this could also be explained not as forgetting memory 
intrusions, but as a process of re-consolidation. If a memory intrusion comes to mind, 
will it then be reconsolidated into long term-memory?  Only 15 of the 96 memory 
intrusions were experienced more than once by the same participant during the week of 
recording. This could suggest that memory intrusions are indeed salient images from a 
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recent event which are re-consolidated into long term memory causing their incidence to 
slowly cease. In keeping with current theory, these findings also suggest that the memory 
intrusions elicited in this experiment are distinct from flashbacks in which the same 
image is repeatedly reported (Holmes, Grey, & Young, 2005). Future research with a 
larger set of memory intrusions could more rigorously query this distinction. As with our 
study, much of the research conducted to specifically examine memory intrusions 
involves a relatively small number of participants, which undermines the validity of such 
results for application to memory intrusions as a whole. A larger study would allow for 
greater confidence when reporting characteristics of memory intrusions. 
In order to elicit memory intrusions in a laboratory setting, the stressful film 
paradigm was utilized. The use of this paradigm is based on the success of Holmes et al. 
(2009) to elicit memory intrusions.  This previous piece of research also successfully 
manipulated the occurrence of memory intrusions using a visuospatial cognitive task, 
theorizing that this was due to the task’s interference during a critical time in the memory 
consolidation process. The manipulations conducted in the current study interfered with 
the memory consolidation process, but were not successful for manipulating involuntary 
retrievals of film information in the form of memory intrusions. The number of memory 
intrusions reported by our participants was also comparable to the Holmes et al. study, 
suggesting that difference in the film clip’s style and content cannot fully explain the 
difference in findings. Although we implemented our interfering task conditions 
immediately after the film, which was expected to maximize interference and therefore 
memory intrusion inhibition, the length of these tasks did not match the length of time 
utilized by Holmes and colleagues in their study. Their Tetris condition was 10 minutes 
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in duration instead of 5 minutes for our study, which may have played a role in our 
inconclusive results, however as our film was also shorter than the clip shown by Holmes 
et al., the ratio of trauma film exposure to length of visuospatial task was maintained. 
Future research should vary the type, timing, and duration of task to further test the 
hypothesis that interfering with the consolidation of a negative memory can successfully 
reduce the occurrence of memory intrusion for this event. For example, recent research 
by Axmacher, Draguhn, Elger, and Fell (2009) suggests that memory consolidation is 
facilitated by sleep, even short periods, and therefore time elapsed between viewing the 
trauma film clip and next sleep should effect memory intrusion occurrence.  
Predicting memory intrusions was the third goal of this study. Over half of the 
participants experienced at least one memory intrusion during the seven-day recording 
period. That said, the number of memory intrusions varied considerably among 
participants with a range of 1-8 reported. This individual difference in reporting was 
expected and this study made the first empirical attempt to examine what may predict 
memory intrusion frequency based on individual differences in a non-clinical population. 
The current study was successful in predicting individual differences in memory 
intrusion occurrence for two of the three individual difference variables measured. 
Working memory capacity was not shown to be an effective predictor of memory 
intrusions occurrence. Future research should replicate Holmes et al.’s successful design 
study with the inclusion of a working memory measure to test this variable further.  
Anxiety sensitivity however was a successful predictor of memory intrusions 
which matched the expectations of our study. The explanation for this predictive effect is 
based on the strong connections between anxiety sensitivity and PTSD incidence in 
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previous research (Leen-Feldner, Feldner, Reardon, Babson, & Dixon, 2008; Marshall, 
Miles, & Stewart, 2010; Taylor, Kosch, & McNally, 1992). Of the ASI subscales, the 
ASI cognitive concerns score was the best predictor of memory intrusion occurrence. The 
cognitive concerns score measures the participant’s reactivity to cognitive consequences 
of memory intrusions. For instance, “when my mind goes blank, I worry there is 
something terribly wrong with me” (see Appendix C for a full list of questions in the 
ASI).  It is possible that a film condition is more likely to trigger anxiety sensitivity 
cognitive concerns than it would the other subscales as it is purely a visual stimulus. This 
may be why it was identified as the main predictor variable in our study. Future research 
should look more closely at the predictive nature of anxiety sensitivity and its subscales 
on memory intrusions in other contexts. This research should examine how people with 
anxiety sensitivity label various stressful stimuli as negative or positive experiences. By 
varying stimuli, more data on the differences between the subscales and their respective 
reactivity can be examined. However the results of the relationship between anxiety 
sensitivity and memory intrusion occurrence led to surprising results during linear and 
quadratic regression analysis (discussed below).  
The second measure of individual difference, physiological arousal, measured as 
mean heart rate hotspots from all of the participants, was also found to be associated with 
memory intrusions. The effect of heart rate on the content of memory intrusion was 
considered to be tentative due to aspects of the film which hindered definitive analysis. 
The film clip from The Battleship Potemkin uses a style of cinematography which moves 
back and forth to different actors during each interaction. This causes images to be 
repeated throughout the film. For instance, image #141, the most reported image for 
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memory intrusions actually appears three different times during a span of about 40 
seconds, each instance for about one second of duration each (see Table 4 for frequency 
data for all of the images reported as memory intrusions, and Appendix A for a full list of 
the images and their replication throughout the film clip). While the hotspot indicated 
some relationship with the most reported memory intrusion images, the style of the film 
clip bars further analysis. Future research should use a film clip in which each shot is 
unique to the whole of the film so that specific identification of memory intrusion content 
can then be accurately compared to hotspots in heart rate.  Also, a more effective method 
of measuring peak emotional distress should be tested to allow for optimal analysis of 
arousal and memory intrusions. Continual self-report responses of participants while 
actively watching the film could be useful for identifying hotspots as well as giving 
insight into the active cognitions of participants during the film. Such a mechanism could 
consist of graphing one’s emotional valence and arousal over the time of the clip, and 
would allow for a larger population of participants instead of solely those already 
diagnosed with PTSD. 
As mentioned above, we performed a linear regression analysis for memory 
intrusion incidence and ASI cognitive concerns score to explore these predictive 
variables in detail. The analysis revealed that as ASI cognitive concerns score increased, 
so too did the number of memory intrusions. This result from our study was expected as 
it mirrored early analysis of the predictive effect of ASI cognitive concerns on memory 
intrusions. A linear regression analysis of the relationship between memory intrusion 
incidence and the hotspot mean found that as the hotspot mean increased, the number of 
memory intrusions reported decreased. This contradicted our expectations that memory 
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intrusions would increase with heart rate. On the contrary, this relationship indicates that 
memory processing may be facilitated by physiological arousal, but only to a certain 
extent.  
The unexpected result from this analysis was that a curvilinear trend for both of 
these instances fit the scatter plot better than the linear relationship (see Figures 6 and 7 
for illustration). It appears that for hotspot mean and ASI cognitive concerns, high and 
low values are associated with an increase in the occurrence of memory intrusions, while 
middle values were associated with a reduction in memory intrusion occurrence. There is 
no theory upon which to base an explanation for this finding. This curvilinear relationship 
was not described in any of the literature regarding memory intrusions and ASI or heart 
rate. However an example from related research can give insight to our results.  
Research on the ASI and drug addiction found a curvilinear relationship between 
ASI score and use of drugs, with high ASI total scores associated with alcohol abuse and 
low ASI total scores associated with marijuana use (Norton, et al., 1997). This research 
gives an example of a relationship where too much and too little anxiety sensitivity can 
be associated with generalized increase in drug use, yet each “side” of this distribution 
must be understood differently. Connected to our study, the previous research puts forth a 
conceptualization of a curvilinear relationship of anxiety sensitivity with similar, but not 
identical relationships on either side of the curve. This research supports the idea that a 
certain amount of anxiety sensitivity can be adaptive when experiencing trauma and its 
aftermath, as middle ASI cognitive scores were associated with an inhibitory effect on 
memory intrusions. There are still aspects of memory intrusion occurrence that the 
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research has not examined and will require extensive replication and analysis before this 
study’s results can be fully explained.  
A curvilinear relationship was also found between the hotspot mean and memory 
intrusion incidence. Again there is nothing in previous research to explain this effect on 
hot spots and memory intrusions in particular; however the well known curvilinear 
relationship between arousal and performance, known as the Yerkes-Dodson law (Yerkes 
& Dodson, 1908), can enhance understanding of this effect.  The Yerkes-Dodson law 
describes the situation in which, for a difficult task, performance will increase as arousal 
does, but only to a certain point, at which time arousal become too high and performance 
will then begin to decrease. A recent study reported a curvilinear relationship between 
arousal and general traumatic memory (Diamond, Campbell, Park, & Halonen, 2007). 
The researchers proposed that timing of the arousal and the emotionality of the arousing 
stimulus may affect this relationship. As with anxiety sensitivity, low and high hotspot 
mean heart rates were associated with an increase in memory intrusions, while a middle 
hotspot mean was associated with a reduction in memory intrusion occurrence. The 
relationship, though not a complete curve as shown in Figure 7, is expected to continue if 
higher levels of hotspot heart rate were recorded during future research.  
Our study took a broad look at the phenomenology of memory intrusions in an 
effort to investigate an under-researched aspect of conventional memory reactions. Such 
research is essential to understand the fundamental mechanisms that affect us on a daily 
basis and cannot be attributed to the realm of pathology, before further research on 
abnormal memory processes is explored. The variety in incidence rate of memory 
intrusions gives support for individual difference factors being predictors for memory 
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intrusion occurrence. The relationship between arousal and memory intrusion content is 
also an encouraging direction for research. Our study successfully answers questions 
regarding memory intrusions as a memory phenomenon. However the question of the 
causality of the relationships between memory intrusion and both anxiety sensitivity and 
physiological arousal remains primarily unanswered and in need of further research.   
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Table 1 
Frequency of Memory Intrusion Phenomenology 
     Mean   Standard Deviation 
Vividness    5.92    2.21 
Specificity    5.37    2.60 
Emotional Impact   -1.60    1.59 
Emotional Content   -2.00    1.64   
Attention    4.31    2.56 
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Table 2 
Correlation Matrix for Memory Intrusion Phenomenology 
   1     2 3 4 5 6 7 8 9 
1.  Days Between  - -.32** .02 -.03 .23* .16 -.01 -.31** -.10 
2. Vividness   - -.49** -.43** -.48** -.07 .24** -.08 -.19*  
3. Emotional Content   - .62** .40** -.08 -.18* -.01 .22* 
4. Emotional Impact    - .24** -.12 -.19* .05 .29** 
5. Specificity      - . 22* -.23* -.17 -.06  
6. Attention       - .08 -.01 .06 
7. Time of Day       - -.04 .13 
8. Place         - .27** 
9. Presence of Others         -  
 
Note. *p < .05, ** p < .01
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Table 3 
Correlation Matrix for Individual Difference Variables 
    1     2 3 4 5   
1.  Memory Intrusions  - .34* .26 .44** .28 
2. Mean Heart Rate Peak  - -.05 -.33* -.22     
3. ASI Physical Score    - .40** .28    
4. ASI Cognitive Score    - .50**    
5. ASI Social Score      -     
 
Note. *p < .05, ** p < .01 
 
MEMORY INTRUSIONS   44 
 
Table 4 
Frequency of Memory Images as Intrusive Memories 
Memory Image    Intrusion Frequency    
141      19 
114      14 
17      10 
19      10 
52      6 
5      5 
7      4 
125      4 
149      4 
15      3 
98      3 
115      3 
124      2 
5      1  
6      1 
9      1  
20      1 
43      1 
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113      1 
122      1 
135      1 
140      1 
Note. See Appendix A for a full list of images.
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Figure 3. The reduction in the incidence of memory intrusions as number of days after 
























Time after Viewing Film Clip 




Figure 4. Group mean heart rate over the period of time the participants watched the 
trauma film clip. From -19.00 seconds to 1.00 second is 20 seconds of preliminary heart 
rate before the start of the film clip. During this period of time, heart rate “peaked” above 
two standard deviations. Seconds 20.00 to 40.00 were determined to be a more valid 
sample for baseline comparisons. Hotspots 1, 2, and 3 are marked for comparison with 
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Figure 5. Bar graph of relationship between the 20 seconds before the film (including the first 
hotspot before the film starts), seconds 20-40 (otherwise referred to as baseline heart rate), and 
the mean of the other three hotspots. Post hoc test revealed all three comparisons are 
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Figure 6.  Incidence of memory intrusions compared to ASI cognitive concerns score. Linear and 
quadratic regression trend lines are both significant for this relationship, with the curvilinear 
relationship the better fit for the data. 
 
ASI Cognitive Concerns Score 
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Figure 7. Incidence of memory intrusions compared to mean heart rate for the three hotspots 
within the time of the film clip. Linear and quadratic regression trend lines are both significant 
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Timeline for Odessa Film Clip 
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31 – 38 s  
#11 
 
















52 – 58 s 
#15 
58 – 62 s 
#17 
 








70 – 73 s 
#20 
 




74 – 75 s  
#20 
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75 – 77 s 
#20 
 












88 – 90 s 
#17 
 
90 – 97 
#19 
 
97 – 99 s 
#29 
 












107 – 109 s 
#17 
 
109 – 111 s 
#34 
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121 – 126 s 
#39 
 
126 – 127 s 
#40 
127 – 128 s 
#41 
 




130 – 131 s 
#43 
 








136 – 138 s 
#46 
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139 – 142 s 
#48 
 




143 – 145 s 
#19 
 




147 – 148 s 
#52 
 
148 – 150 s 
#19 
 












156 – 157 s 
#47 
 
157 – 161 s 
#19 
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161 – 167 s 
#59 
 




168 – 169 s 
#61 
 




173 – 177 s 
#63 
 




182 – 184 s 
#65 
 




185 – 187 s 
#68 
 
187 – 192 s 
#63 
 




194 – 199 s 
#71 
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199 – 203 s 
#19 
 




206 – 209 s 
#74 
 








212 – 216 s 
#17 
 
216 – 218 s 
#63 
 




223 – 224 s 
#80 
 
224 – 226 s 
#81 
 




228 – 230 s 
#83 
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230 – 233 s 
#84 
 








238 -240 s 
#63 
 




243 – 246 s 
#63 
 
246 -251 s 
#17 
 




256 – 261 s 
#92 
 
461 – 266 s 
#93 
 





279 – 283 s 
 
#95 
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283 – 287 s 
#63 
 
287 – 291 s 
#97 
 
291 – 292 s 
#98 
 








297 – 301 s 
#101 
 
301 – 304 s 
#102 
 








317 – 324 s 
#17 
 




327 – 328 s 
#107 
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328 – 329 s 
#108 
 
329 – 332 s 
#109 
 
332 – 333 s 
#110 
 








342 – 345 s 
#113 
 
345 – 348 s 
#114 
 




349 -350 s 
#116 
 




351 – 354 s 
#118 
 
354 -355 s 
#119 
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355 – 357 s 
#120 
 




359 – 361 s 
#122 
 
361 -365 s 
#123 
 
365 – 370 s 
#124 
 




374 – 377 s 
#124 
 








383 -389 s 
#124 
 
389 -391 s 
#130 
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392 -394 s 
#132 
 








398 -399 s 
#135 
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410 –415 s 
#144 
 












419 – 420 s 
#141 
 














430 -432 s 
#153 
 




433 -435 s 
#114 
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